Background/Aims: Deregulation of microRNAs (miRNAs) expression is a frequent event in cancer development and progression. Recent studies have implied that abnormal expression of miRNAs is frequently observed in non-small cell lung cancer (NSCLC). Here, we examined the levels and biological functions of miR-509-5p in NSCLC. Methods: The levels of miR-509-5p were measured by real-time quantitative PCR (RT-PCR) in NSCLC cell lines and NSCLC tissues along with adjacent normal tissues. Cell viability was analyzed by MTT and colony formation assay. Cell migration and invasion were evaluated by transwell and wound healing assay. In addition, we predicted the putative targets of miR-509-5p by bioinformatics analyses. Moreover, by luciferase-reporter assay, we analyzed the relationship between miR-509-5p and the target in NSCLC cells. Results: miR-509-5p expression was significantly reduced in NSCLC tissues compared with adjacent normal tissues. In addition, miR-509-5p decreased cell proliferation, migration and invasive capability of NSCLC cells. Moreover, we found that FOXM1 was a putative target of miR-509-5p. Enforced miR-509-5p expression in NSCLC cells reduced both mRNA and protein levels of FOXM1. Furthermore, dual-luciferase reporter assay showed miR-509-5p could bind to the 3' untranslational regions of FOXM1 mRNA. Furthermore, overexpression of FOXM1 reversed cell viability, migration, invasion and vimentin levels suppressed by miR-509-5p mimics in H1299 cells. Conclusions: miR-509-5p exerts tumor-suppressive effects by attenuating FOXM1 in NSCLC. Collectively, these findings provide further evidence that miR-509-5p may be considered as a novel and potential target for the diagnosis, prognosis and treatment of NSCLC.
Introduction
Lung cancer is the leading cause of death worldwide [1] . Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, and its course of disease is very severe, meaning a poor prognosis for patients [2, 3] . Despite great advances in chemotherapy and surgical techniques, the prognosis for NSCLC is still dismal, and the overall 5-year survival rate is about 15% [1] . The distant metastases are responsible for the failure of lung cancer therapy and the poor prognosis of lung cancer [4] . Therefore, it is urgent to further investigate the underlying mechanisms of NSCLC.
MicroRNAs (miRNAs) are small, 18~25 nucleotides, non-coding RNAs that modulate gene expression post-transcriptionally via inhibiting translation or inducing target mRNA degradation [5] . Aberrant expression of miRNAs occurs in many types of cancers, some of which function as tumor suppressor genes or oncogenes [6] . Some studies have implied that miRNAs act as crucial modulators for cancer cell migration, proliferation or epithelialmesenchymal transition (EMT) [7] [8] [9] [10] [11] [12] [13] [14] . miR-509-5p has been demonstrated to inhibit EMTrelated genes in melanomas [15] . Previous studies reported miR-509-5p functioned as a tumor suppressor in breast cancer [16] . Zhang et al. have suggested that miR-509-5p played an important role in renal cell carcinoma (RCC) by inhibiting cell proliferation and migration and promoting cell apoptosis [17] . In addition, miR-509-5p expression was significantly lower in RCC patient plasma compared with normal individuals [17] . Ectopic expression of miR-509-5p inhibited cervical cancer and hepatocellular carcinoma cell proliferation and invasion [18] . However, the role of miR-509-5p in the NSCLC cells remained poorly understood.
In the present study, we found that miR-509-5p was significantly downregulated in NSCLC tissues compared with that in adjacent non-tumor tissues. And the expression of miR-509-5p was inversely correlated with the cell proliferation, migration and invasive capability of NSCLC cells. Additionally, we found that FOXM1 was a putative target of miR-509-5p by bioinformatics analysis. Moreover, dual-luciferase reporter assay showed miR-509-5p could bind to the 3' untranslational regions of FOXM1 mRNA. Lastly, a significantly negative correlation was found between miR-509-5p and FOXM1 in human NSCLC and normal tissues. Altogether, our results suggested that miR-509-5p was a tumor suppressor in NSCLC, via directly targeting FOXM1.
Materials and Methods

Human samples
Human NSCLC tissues and their corresponding adjacent normal tissues were collected at the time of surgical resection from 20 patients with NSCLC from 2013 to 2014 at the First Affiliated Hospital of Zhengzhou University (Zhengzhou, China) with written informed consent of patients according to the hospital's ethics committee. Human tissues were collected after surgery and immediately frozen in liquid nitrogen and stored at -80°C refrigerator for further use as previously described [19] .
Cell culture
Human non-small cell lung cancer cells 293T, HLF, 95-D, A549, H1299, PC-9, H358 and H1650 cells purchased from the American Type Culture Collection (ATCC). HLF, 95-D, A549, H1299, PC-9, H358 and H1650 cells were cultured in RPMI 1640 media (Gibco, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS) (Gibco, Carlsbad, CA) as previously described [20] . 293T cells were cultured in DMEM media (Gibco, Carlsbad, CA) supplemented with 10% FBS. All cells were incubated at 37°C in a humidified atmosphere containing 5% CO 2 .
Transfection miR-509-5p mimics, miR-509-5p inhibitor and negtative control (NC) were purchased from GenePharma (Shanghai, China). Cells were trypsinised, counted, and seeded into 6-well plates the day prior to transfection to ensure 70% cell confluence on the day of transfection. Transfection of miRNA mimics/ inhibitors into H1299, A549 cells was performed using lipofectamine 2000 (Invitrogen) in accordance with the manufacturer's advised procedure [21] . The miRNA mimics or inhibitors were used at a final concentration of 60 nM. At 48 h after transfection, RT-PCR and Western blotting were performed. H1299 cells were co-transfected with pcDNA3.1-FOXM1 vectors and miRNA mimics using lipofectamine 2000 (Invitrogen) in accordance with the manufacturer's advised procedure [21] . The miRNA mimics and vectors were used at a final concentration of 60 nM and 2 µg respectively.
RNA isolation and real time RT-PCR
Total RNA was isolated from cells using TRIzol reagent (Invitrogen, USA) and synthesized into cDNA by M-MLV reverse transcriptase (Invitrogen, USA) according to the manufacturer's instructions. Real-time quantitative PCR (RT-PCR) was performed on a BioRad CFX96 Real-Time PCR platform using SYBR Green Master Mix Kit (Roche). Primers were used in this study as follows: miR-509-5p forword primer as: TACTGCAGACAGTGGCAAT, reverse primer as: GTGCAGGGTCCGAGGT; U6 forword primer as: CTCGCTTCGGCAGCACA; reverse primer as: AACGCTTCACGAATTTGCGT. FOXM1 forword primer as: ATACGTGGATTGAGGACCACT, reverse primer as: TCCAATGTCAAGTAGCGGTTG; Vimentin forword primer as: TACAGGAAGCTGCTGGAAGG, reverse primer as: ACCAGAGGGAGTGAATCCAG; β-actin forword primer as: AAACTGGAACGGTGAAGGTG, reverse primer as AGTGGGGTGGCTTTTAGGAT.
Cell viability assay
Cells were seeded into 96-well plates at a concentration of 5 × 10 3 cells per well. Following incubation for 24, 48 or 72 h, 20 μL of MTT (5.0 mg/mL) was added to each well. Following incubation at 37°C for 4 h, 200 μL of DMSO (Sigma, USA) was added to each well after removing the medium and MTT from the wells. The absorbance was measured using a micro-plate reader at 490 nm [22] .
Colony formation assay
To assess colony formation, 24 h after transfection, 500 cells were plated in 6-well plates and grown for 2 weeks; the culture medi um was replaced every 4 days. Cells were fixed with methanol and stained with 0.5% crystal violet for 20 minutes; visible colonies were counted. Triplicate wells were measured for each group [23] .
Migration and invasion assay
Migration and invasion assays were performed using transwell chambers. For migration assay, 5 × 10 4 cells were seeded into the upper chamber of transwells (BD Bioscience). For invasion assay, 1 × 10 5 cells were added into the upper chamber precoated with matrigel (BD Bio-science). In both assays, cells were maintained in medium without serum in the upper chamber, and medium containing 10% FBS was added to the lower chamber as chemoattractant. After 24 h incubation, cells that did not migrate or invade through the membrane were wiped out. Then the membranes were fixed and stained with 0.5% crystal violet. Three random fields were counted per chamber using an inverted microscope (Olympus), and each experiment was repeated three times [24] .
Wound healing assay
Cells were grown to confluence on 6-well plates, and the monolayers were wounded with a P10 micropipette tip. The wound-healing pictures were taken at the indicated time points using an inverted microscope (Olympus). The relative area of wound sealing was calculated using NIH ImageJ software, and the data were summarized based on sextuple assays for each experiment.
miRNA target prediction
The analysis of miR-509-5p predicted targets was performed using the algorithms TargetScan (http:// targetscan.org/), PicTar5 (http://pictar.mdc-berlin.de/) and miRDB (http://www.mirdb.org/miRDB/).
Dual-luciferase activity assay
The human 3
' -untranslated region (3 ′ -UTR) of FOXM1 gene was amplified by PCR and cloned into the XbaI site of the pGL3-Control vector (Promega, Madison, WI, USA), downstream of the luciferase gene, to generate the vector pGL3-FOXM1. For luciferase assay, the 293T and A549 cells were cultured in 24-well plates and transfected with 500 ng of either pGL3-FOXM1 or pGL3-control vector and 50 pmol of miR-509- [25] .
Statistical analysis
Results were expressed as mean values SE (standard error). Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by posthoc Dunnett's test for multiple comparisons. A level of P < 0.05 was considered to be significant. Pearson's correlation coefficient was calculated to analyse the correlation. The Statistical Package for Social Sciences (SPSS) software (version 16.0) was used in this study.
Results
Expression of miR-509-5p in NSCLC cell lines and tissues
To examine miR-509-5p expression levels, we detected the levels of miR-509-5p in NSCLC and normal human lung fibroblasts (HLF) cell lines by RT-PCR. As shown in Fig. 1A , miR-509-5p was significantly downregulated in all NSCLC cell lines including 95-D, A549, H1299, PC-9, H358 and H1650 cells, compared with normal lung fibroblast cell line HLF. To further confirm the association between miR-509-5p and NSCLC, we detected the levels of miR-509-5p in 20 paired normal NSCLC and adjacent normal tissues. We found NSCLC tissue specimens exhibited lower miR-509-5p levels compared with adjacent normal tissue specimens (Fig. 1B) .
miR-509-5p decreases the cell viability and colony formation capability of NSCLC cells
Previous study has shown that miR-509-5p inhibits cell proliferation in renal cell carcinoma [17] . Therefore, we next tested whether miR-509-5p could attenuate the cell viability in NSCLC cells. The miR-509-5p mimics were transfected into H1299 cells with relative low miR-509-5p expression. Forced expression of miR-509-5p mimics in H1299 cells significantly increased miR-509-5p levels, whereas miR-509-5p inhibitor decreased miR-509-5p expression ( Fig. 2A) . By cell viability assay, we showed that miR-509-5p mimics obviously decreased cell viability in H1299 cells (Fig. 2C) . Additionally, miR-509-5p mimics and inhibitor were transfected into A549 cells with relative high miR-509-5p expression. MiR-509-5p mimics and inhibitor significantly increased and abated miR-509-5p levels in Transfection of miR-509-5p inhibitor significantly promoted A549 cells colony formation. Data represent mean ± SE (n = 3). *, P < 0.05; **, P < 0.01; ***, P < 0.001, compared with the negative control. by cell colony formation assay, we found that miR-509-5p mimics apparently inhibited the clonogenic activity of H1299 cells (Fig. 2E) . In contrast, the clonogenic activity of A549 cells was significantly enhanced by miR-509-5p inhibitors (Fig. 2F) .
miR-509-5p inhibits migration and invasion capability of NSCLC cells
To explore the role of miR-509-5p in the migration and invasion of NSCLC cells, we further examined the effects of miR-509-5p on cell migration and invasion in H1299 and A549 cells by transiently transfection with miR-509-5p mimics or miR-509-5p inhibitors. Transwell assay showed that miR-509-5p mimics significantly reduced cell migration in H1299 and A549 cells; conversely, miR-509-5p inhibitor obviously enhanced H1299 and A549 cells migration and invasion (Fig. 3A-C) . Moreover, by invasion assay, we showed the effects of A549 and H1299 cells invasion were observably suppressed by miR-509-5p mimics and increased by miR-509-5p inhibitor (Fig. 3D-E) . In addition, wound healing assay indicated that miR-509-5p mimics transfected H1299 cells migrated into the wound area slower than control cells (Fig. 3F) . In contrast, we found miR-509-5p inhibitor promoted A549 cells migration (Fig. 3F) .
E-cadherin is negatively correlated with increased invasion and migration capability of cells [26] , whereas vimentin induces cells migration and invasion [27] . To investigate the effects of miR-509-5p on E-cadherin and vimentin expression, we investigated the protein expression of the two molecules in H1299 cells transfected miR-509-5p mimics and A549 cells transfected miR-509-5p inhibitor respectively. By Western blot analyses, we found miR- 509-5p mimics decreased vimentin levels and increased E-cadherin expression in H1299 cells (Fig. 3G left panel) . In contrast, vimentin levels were induced and E-cadherin levels were reduced by miR-509-5p inhibitor in A549 cells respectively (Fig. 3G right panel) .
miR-509-5p directly targets FOXM1
Using online miRNA target prediction databases (PicTar, miRDB and TargetScan), we predicted FOXM1 was a potential target of miR-509-5p. To validate targeting of FOXM1 by miR-509-5, the mRNA and protein levels of FOXM1 were detected in NSCLC cells transfected miR-509-5p mimics and inhbitor. MiR-509-5p mimics significantly attenuated the protein and mRNA levels of FOXM1 in H1299 cells, whereas miR-509-5p inhibitor observably enhanced FOXM1 protein and mRNA levels ( Fig. 4A and B) . To further confirm targeting of FOXM1 by miR-509-5p, luciferase activity assay was performed. The wild type (WT) or mutated (MT) FOXM1 3 'UTR luciferase reporter vectors were cotransfected with miR-509-5p mimics or inhibitor into 293T and A549 cells. MiR-509-5p mimics significantly decreased luciferase activity in both 293T and A549 cells transfected WT reporter vectors (Fig. 4D and 
. However no obvious change of luciferase activity was observed in both 293T and A549 cells transfected MT reporter vectors ( Fig. 4D and E) . Above results implied that miR-509-5p suppressed FOXM1 expression by binding 3 'UTR of FOXM1 mRNA.
Overexpression of FOXM1 reverses cell viability, migration, invasion and vimentin levels suppressed by miR-509-5p mimics in H1299 cells
To envaluate if FOXM1 is responsible for the functional effects of miR-509-5p in NSCLC cells, we performed some rescue experiments. H1299 cells were co-transduced with miR-509 mimics plus the eukaryotic expression vectors of FOXM1 open reading frame without its 3'UTR. And then, cell viability, migration and invasion assays were performed. H1299 cells co-transduced with miR-509-5p mimics plus FOXM1 vectors had higher cell viability than cells co-transduced with the control mimics and empty vectors (Fig. 5A) . Additionally, we showed the decrease of cell migration and invasion by miR-509-5p mimics were reversed by FOXM1 in H1299 cells (Fig. 5B and C) . Moreover, by RT-PCR, the downregulation of vimentin and upregulation of E-cadherin induced by miR-509-5p mimics were rescued by FOXM1 in the cell lines (Fig. 5D) . 
miR-509-5p is negatively correlated with FOXM1 mRNA expression
To further examine whether miR-509-5p expression was correlated with FOXM1, we analyzed FOXM1 mRNA levels in the 20 paired specimens by qRT-PCR. We showed that NSCLC tissue specimens exhibited higher FOXM1 levels compared with adjacent normal tissue specimens (Fig. 6A) . Moreover, by correlation analysis between miR-509-5p and FOXM1, we found significantly negative correlations between miR-509-5p and FOXM1 mRNA expression in both NSCLC and adjacent normal tissue specimens (Fig. 6B , for tumor tissue: r=-0.654; Fig. 6C , for normal tissue: r=-0.592). In addition, to examine whether miR-509-5p expression was correlated with vimentin, we analyzed vimentin mRNA levels in the 20 tumor specimens by qRT-PCR. By correlation analysis, a significantly positive correlation was found between FOXM1 and vimentin (Fig. 6D, r=0.899) , and a significantly negative correlation was found between miR-509-5p and vimentin (Fig. 6E, r=-0.589 ).
Discussion
MiRNAs have been reported to function as cancer activators or suppressors in a variety of human tumors including NSCLC [28] . The upregulation or downregulation of miRNAs levels found in several human cancers suggests that miRNAs may induce or inhibit tumorigenesis. miRNAs have been implicated in various cellular processes including cell proliferation, survival, apoptosis, migration, invasion and differentiation [29, 30] . miR-509-5p has been implicated in cervical cancer and hepatocellular carcinoma, playing important roles in inhibition of tumorigenesis by abrogating cancer cell proliferation and invasion [18] . Moreover, miR-509-5p induces p53 protein levels that subsequently arrest cell cycle and increase cell apoptosis by directly targeting HDM2 in cervical cancer and hepatocellular carcinoma cells [18] . Additionally, it has reported that miR-509-5p expression in renal cell carcinoma specimens is obviously decreased compared with adjacent normal tissue [17] . Furthermore, the proliferation and migration of renal cell carcinoma cells is suppressed by miR-509-5p, whereas cell apoptosis is induced by miR-509-5p [17] . Consistent with these findings, in the present study, we found miR-509-5p levels were down-regulated in NSCLC tissues compared with the adjacent normal tissues. This was, to our knowledge, the first study showing miR-509-5p was low expressed in NSCLC. However, this conclusion needed to be further verified by expanding the numbers of sample. Additionally, we also found that miR-509-5p decreased cell viability and colony formation capability, and inhibited migration and invasion capability of NSCLC cells.
Generally, miRNAs display functions via binding to the mRNA 3'-UTR of the target gene to block its expression [31] . To identify the target genes of miR-509-5p, more than 90 candidate target genes were predicted by online bioinformatics analysis. Combining the functions of prediction genes and the tumor suppressor actions of the miRNA described above, of these candidates, we focused on five genes (STAT5A, BCL9, FGF2, MAPRE2 and FOXM1). Previous studies report these five genes function as oncogene. However, only FOXM1 has been shown to involved in cell migration, invasion and tumorigenesis of NSCLC. Therefore, we selected FOXM1 as a target gene of miR-509-5p for further study. Next, by dual-luciferase reporter assay, we validated FOXM1 was a target of the miRNA. Lastly, we further showed miR-509-5p was negatively correlated with FOXM1 mRNA expression in both NSCLC and normal tissues. Recent studies indicate that miRNAs are involved in regulation of FOXM1 expression [32] . miR-134, for example, has been implicated to regulate NSCLC cells migration and invasion by targeting FOXM1 [33] .
FOXM1, a member of the forkhead box family of transcriptional factors, has been reported to be overexpressed in a variety of cancers including breast, cervical, colorectal and ovarian cancer, hepatocellular carcinoma and NSCLC [34, 35] . Moreover, overexpression of FOXM1 has been linked in poor prognosis in many solid tumor types [7, 36] . Previous studies show FOXM1 enhances cell cycle progression by promoting G1 to S and G2 to M phase transitions [37] . In addition, downregulation of FOXM1 levels has been reported to decrease migration and invasion of cancer cells [38] . Moreover, it has been demonstrated that FOXM1 enhances EMT of cancer cells by increasing the levels of vimentin, N-cadherin and beta-catenin, decreasing the levels of E-cadherin [39] . Here, overexpression of miR-509-5p mimics induced E-cadherin expression and reduced vimentin levels, whereas miR-509-5p inhibitor attenuated E-cadherin expression and increased vimentin levels. This raised a possibility that miR-509-5p regulated the expression of E-cadherin and vimentin by targeting FOXM1.
Altogether, the present data provided further evidence that miR-509-5p might be considered as a novel and potential target for the diagnosis, prognosis and treatment of NSCLC.
